earching PAJ Page , q{2 

PATENT ABSTRACTS OF JAPAN 



(11 publication number : 01-263910 
(43)Date of publication of application : 20.10.1989 



DUlnt.Ul. 




pud c /ec 

G11B 5/66 
G11B 5/704 
G11B 5/706 


' ~" ""~ * *— ~~ — . ^^LZ 


21)Application number 


63-089058 


(71)Applicant 


: HITACHI LTD 


22)Date of filing : 


13.04.1988 


(72)Inventor : 


MATSUDA YOSHIFUMI 








SHIROISHI YOSHIHIRO 








HISHIYAMA SADAO 








SUZUKI HIROYUKI 








OONO TADAYUKI 








SATTO SHINICHIRO 








TAKAGI KAZUMASA 



54) PERPENDICULAR MAGNETIC RECORDING MEDIUM AND MAGNETIC DISK DEVICE 

)7)Abstract: 

URPOSE: To improve magnetic characteristics and adhesiveness so as 
} obtain a high recording density and to improve reliability by using 
itermediate layers of a Ti-alloy contg. specific elements in addition to Ti 
s nonmagnetic intermediate layers. 

INSTITUTION: The thin films, added with at least one kind of -the 
lement selected from the group consisting of V, Nb, Ta, Cr, Mo, W, Mn f Ni, 
d, Pt, Cu, Ag f Au t C, Si, Ge f Ru, Os, Rh, and Ir are used for the 
itermediate layers 13, 13' of the Ti-base alloy of the perpendicular 
tagnetic recording medium provided with the intermediate layers 13, 13' 
f the Ti-base alloy between hexagonal magnetic alloy layers 14, 14' and a 
onmagnetic substrate 1 1. The c-axis orientational property and magnetic 
naracteristics of the hexagonal magnetic alloy layers 14, 14' are thereby 
-eatly improved and the magnetic disk and device having the good 
jcording and reproducing characteristics and reliability are thereby obtd. 
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T * NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] The vertical-magnetic-recording medium characterized by having Ti radical alloy 
interlayer containing at least one sort of elements chosen from the group which consists of V, 
Nb, Ta, Cr, Mo, W, Mn, nickel, Pd, Pt, Cu, Ag, Au, C, Si, germanium, Ru, Os, Rh, and Ir besides Ti 
at least between the magnetic alloy layer of hexagonal system, and a nonmagnetic substrate. 
[Claim 2] A vertical-magnetic-recording medium given in the 1st term of a patent claim 
characterized by preparing a high permeability magnetic layer further between Ti radical alloy 
interlayers and the nonmagnetic substrates containing at least one sort of elements chosen from 
the group which consists of V, Nb, Ta, Cr, Mo, W, Mn, nickel, Pd, Pt, Cu, Ag, Au, C, Si, germanium, 
Ru, Os, Rh, and Ir besides Above Ti. 

[Claim 3] A vertical-magnetic-recording medium given in the 1st term of a patent claim or the 
2nd term characterized by the presentation ratio being less than [ more than 1at%25at% ] in a 
total amount including at least one sort of elements chosen from the group which consists of V, 
Nb, Ta, Cr, Mo, W, Mn, nickel, Cu, C, Si, and germanium to said Ti radical alloy interlayer. 
[Claim 4] A vertical-magnetic-recording medium given in the 3rd term of a patent claim 
characterized by the presentation ratio of any or one sort of elements being less than [ more 
than 5at%20at% ] among Nb and Ta to said Ti radical alloy interlayer. 

[Claim 5] A vertical-magnetic-recording medium given in the 1st term of a patent claim or the 
2nd term characterized by the presentation ratio being less than [ more than 0.1at%10at% ] in a 
total amount including at least one sort of elements chosen from the group which consists of Ru, 
Os, Rh, Ir, Pd, Pt, Ag, and Au to said Ti radical alloy interlayer. 

[Claim 6] A vertical-magnetic-recording medium given in the 5th term of a patent claim 
characterized by the presentation ratio being less than [ more than 1at%7.5at% ] in a total 
amount including at least one sort of elements chosen from the group which consists of Ru, Os, 
Rh, Ir, Pd, Pt, Ag, and Au especially to said Ti radical alloy interlayer. 

[Claim 7] A vertical-magnetic-recording medium given in the 1st term of a patent claim thru/or 
the 6th term characterized by Co presentation ratio using the magnetic alloy layer of said 
hexagonal system as Co radical alloy thin film beyond 50at%. 

[Claim 8] A vertical-magnetic-recording medium given in the 7th term of a patent claim 
characterized by the presentation ratio being less than [ more than 0.1at%25at% ] in a total 
amount including at least one sort of elements with which said Co radical alloy thin film was 
chosen from the group which consists of Cr, V, Mo, W, Ti, Mn, Re, Sm, Fe, and O. 
[Claim 9] at least one sort of elements with which said Co radical alloy thin film was chosen from 
the group which consists of Zr, Ti, Hf, Ta, Ru, Rh, Pd, and Pt — containing — the presentation 
ratio — a total amount — less than [ more than 0.1at%15at% ] — the claim characterized by 
containing — a vertical-magnetic-recording medium given in the 7th term or the 8th term. 
[Claim 10] A vertical-magnetic-recording medium given in the 1st term of a patent claim thru/or 
the 9th term characterized by using any one sort of a tempered glass substrate, aluminum alloy 
substrate with a nickel-P deposit, and the ceramic substrate as said nonmagnetic substrate. 
[Claim 1 1] The magnetic disk drive using a vertical-magnetic-recording medium given in the 1st 
term of a patent claim thru/or the 10th term. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the suitable medium for magnetic disk drives especially for high density 
record with respect to the vertical-magnetic-recording medium which attracts attention as a 
medium in which next-generation super-high density record is possible. 
[Description of the Prior Art] 

Conventionally, the medium using the Co-Cr alloy thin film as a magnetic film is proposed like 
the publication to JP,57-1 7282.B as a vertical-magnetic-recording medium for super-****** 
record. There are vacuum deposition, the sputtering method, plating, etc. as a method of forming 
the medium for vertical magnetic recordings. Recently, improvement in recording density is 
required increasingly, therefore Ti interlayer is prepared between a Co-Cr alloy thin film and a 
substrate like JP,49-74912,A and JP,58-14318,A, and the proposal which controls crystallinity 
and acquires a high c-axis stacking tendency is made, moreover, to JP,58-133624,A In order to 
lessen the difference of coefficient of thermal expansion with a Co-Cr alloy and to make small 
the truck gap at the time of record and playback, as a substrate for vertical-magnetic-recording 
media By using Ti radical alloy or preparing Ti alloy interlayer in JP,62-143227,A, 62-143228, and 
62 No. -143229 official report as a substrate layer further, and setting the diameter of crystal 
grain of a magnetic layer to 10-300nm further The proposal which is going to obtain the medium 
of high coercive force also with a vacuum deposition method is also made. 
[Problem(s) to be Solved by the Invention] 

However, most of these invention is seldom examined in the rigid disk for computers using the 
substrate which consists of a flat and hard ingredient like tempered glass or a nickel-P plating 
aluminum alloy about the tape for magnetic recording and flexible disk by vacuum deposition, the 
ion plating method, etc. Then, this invention persons formed the direct Co-Cr alloy by the RF 
sputtering method on the nickel-P plating aluminum alloy substrate first, and evaluated the 
property. The presentation of Cr was made into substrate temperatureroom temperature -150 
degree C at the time of membrane formation, the Ar gas pressure 3 - 30mTorr {0.4-4Pa}, the 
injection power flux density 1-10 W/cm2, and 60-250nm of thickness 5 - 25at% here. Any Co- 
Cr film of vertical coercive force was as low as 300 or less Oes, moreover, the distribution 
deltatheta50 of the c-axis stacking tendency of Co-Cr was also as bad as 10 degrees or more, 
and good perpendicular magnetic anisotropy films were not obtained. The same was said of the 
tempered glass substrate. This is because the high orientation of the c-th page which is the 
maximum **** of Co-Cr with it is checked compared with an organic system substrate usual in 
a nickel-P substrate or a tempered glass substrate. [ high surface energy and ] [ hexagonal ] In 
order to attain high recording density in the magnetic film for vertical magnetic recordings 
generally, while heightening vertical coercive force, it is known that especially the thing done at 
right angles to a film surface for the orientation of the crystallographic axis (c-axis) of 
perpendicular magnetic anisotropy films is important. 

The purpose of this invention forms the perpendicular magnetic anisotropy films which have a 
crystal stacking tendency good also as a rigid disk using hard substrates, such as a tape for 
magnetic recording, and not only a flexible disk but a tempered glass metallurgy group ingredient, 
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magnetic properties, and adhesion by the sputtering method high adhesion is acquired etc., and 
high recording density is possible for it, and it is to offer a reliable magnetic-recording medium. 
[The means for solving a technical problem] 

Among nonmagnetic substrates, such as a magnetic alloy layer of hexagonal system, a tempered 
glass substrate, aluminum alloy substrate with a nickel-P deposit, and a ceramic substrate, Si 
radical alloy, The medium which prepared various nonmagnetic metatarsus layers, such as Ti 
radical alloy and Zr radical alloy, is formed by a spatter etc. According to research of this 
invention person who examined dependability, such as adhesion and corrosion resistance, etc. 
wholeheartedly to the crystallographic property [ of the medium ] and magnetic property, and 
record reproducing-characteristics pan The above-mentioned purpose by using Ti radical alloy 
interlayer containing at least one sort of elements chosen from the group which consists of V, 
Nb, Ta, Cr, Mo, W, Nm, nickel, Pd, Pt, Cu, Ag, Au, C, Si, germanium, Ru, Os, Rh, and Ir besides Ti 
as said nonmagnetic interlayer It is attained. As for that presentation ratio, less than [ more than 
1at%25at% ] is desirable in a total amount including at least one sort of elements chosen from 
the group which consists of V, Nb, Ta, Cr, Mo, W, Mn, nickel, Cu, C, Si, and germanium to this Ti 
radical alloy interlayer. It is desirable for the presentation ratio to consider as less than [ more 
than 0.1at%10at% ] in a total amount including at least one sort of elements chosen from the 
group which consists of Pd, Pt, Ag, Au, Ru, Os, Rh, and Ir. Furthermore, it is more desirable for 
the presentation ratio of any or one sort of elements to be less than [ more than 5at%20at% ] 
especially among Nb and Ta to said Ti radical alloy interlayer, and it is more desirable for the 
presentation ratio to consider as less than [ more than 1at%7.5at% ] in a total amount including 
the element chosen from the group which consists of Pd, Pt, Ag, Au, Ru, Os, Rh, and Ir. 
moreover — as the magnetic alloy layer of said hexagonal system — Co — more than 50at% — 
at least one sort of elements chosen from the group X which contains and consists of Cr f V, Mo, 
W, Ti, Mn, Re, Sm, Fe, and O further — a total amount — less than [ more than 0.1at%25at% ] — 
if the included Co-X binary-system-alloy thin film is used, it is more effective on magnetic 
properties, furthermore, at least one sort of elements chosen from the group Y which consists of 
Zr, Ti, Hf, Ta, Ru, Rh, Pd, and Pt as a magnetic alloy layer of said hexagonal system — a total 
amount — less than [ more than 0.1at%15at% ] — the included Co-Y binary-system-alloy thin 
film may be used, at least one sort of elements further chosen as said Co— X binary system alloy 
from said Y — a total amount — less than [ more than 0.1at%25at% ] — if the included Co-X-Y 
alloy thin film of 3 yuan is used, it is more effective on corrosion resistance. 
[Function] 

The above-mentioned means is based on the following operations. Raising the crystal stacking 
tendency of a Co-Cr magnetic film to JP,58-1 59225.A, 59-22236, 59-22225, 59 No. -33628 
official report, etc. until now by forming a Co-Cr thin film through Ti thin film on heat-resistant 
substrates, such as polyimide, is known. Then, it examined first whether the same effectiveness 
would be acquired also to a nickel-P substrate. That is, nickel-P was plated, Ti interlayer of 20- 
600nm of thickness was formed by the RF sputtering method as substrate temperatureiroom 
temperature -200 degree C, the Ar gas pressure 3 - 30mTorr {0.4-4Pa}, and the injection power 
flux density 1-10 W/cm2 on aluminum alloy substrate which carried out mirror polishing of the 
front face, the Co-Cr alloy magnetic layer of 60-250nm of thickness was formed further 
continuously, and the property was evaluated. Cr presentation was changed and considered to 5 
- 25at%. Consequently, although the coercive force of Co-Cr became high by preparing Ti 
interlayer at 300 or more Oes and such high coercive force that substrate temperature is high 
was acquired, deltatheta50 which shows distribution of the c-axis stacking tendency of Co-Cr 
also in which film was as large as 10 degrees or more, and a good c-axis stacking tendency was 
not shown. In vacuum deposition, only the film of 15 degrees or more and a still lower stacking 
tendency was obtained, but only the same result as a nickel-P substrate was obtained also with 
the tempered glass substrate. On the other hand, organic system substrates, such as 
polyethylene terephthalate, polyimide, and POIAMIDO, were received, and the film with which 
deltatheta50 has a high c-axis stacking tendency with about 5 degrees was obtained also by the 
approach of a gap. A nickel-P substrate and a tempered glass substrate have high surface 
energy compared with an organic system substrate, and this is because the orientation of the c- 
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th page which is Ti interlayers maximum **** will also be checked. Then, this invention persons 
are the above-mentioned membrane formation conditions about raising an interlayer s stacking 
tendency first, and decided to examine wholeheartedly the interlayer who added the element of 
4A, 5A, 6A, 7 A, 8, 1B, 2B, 3B, 4B and 5B, and 6B group to Ti by membrane formation and 
carrying out characterization. Consequently, Ti radical alloy interlayer containing at least one 
sort of elements chosen from the group which consists of V, Nb, Ta, Cr, Mo, W, Mn, nickel, Pd, 
Pt, Cu, Ag, Au, C, Si, germanium, Ru, Os, Rh, and Ir besides Ti in which membrane formation 
conditions Compared with Ti single phase film, it became clear with RHEED, an X-ray diffraction 
method, etc. that it is easy to carry out orientation of the c-axis perpendicularly on a 
nonmagnetic substrate. Although the c-axis stacking tendency of the Co-Cr magnetism alloy 
layer formed on it with Ti radical alloy interlayer who added to Ti at Nb and Ta formed on the 
nickel-P substrate is actually shown in the 4th drawin g 4 Fig. (a) To Ti radical alloy interlayer, 
when any one sort of presentation ratios of Nb and Ta are less than [ more than 5at%20at% ], 
deltathetaSO of 002 reflection of Ti-Nb, a Ti-Ta alloy interlayer, and a Co-Cr magnetism alloy 
layer is small, and it turns out especially that the c-axis stacking tendency of a Co-Cr 
magnetism alloy layer is high. The same effectiveness was accepted with the addition with the 
same said of the alloy which consists of the cases where one sort of the element chosen from 
the group which consists of a Nb-Ta alloy, or V, Cr, Mo, W, Mn, nickel, Cu, C, Si and germanium 
is added to Ti, or such combination. The film which added any one sort of Nb and Ta to Ti here 
has highly desirable corrosion resistance especially as an interlayer compared with the case 
where one sort of V, Cr, Mo, W, nickel, Cu, C, Si, and germanium is added, moreover, Ti radical 
alloy interlayer — any one sort of Nb and Ta — less than [ more than 5at%20at% ] — when it 
added, the highest c-axis stacking tendency was acquired. Furthermore, to Ti radical alloy, 
although the c-axis stacking tendency of the Co-Cr magnetism alloy layer formed on Ti radical 
alloy interlayer who added Pt and Pd to Ti is shown in Fig. 4 (b) f when any one sort of 
presentation ratios of Pt and Pd are less than [ more than 1at%7.5at% ], it turns out especially 
that the c-axis stacking tendency of a Co-Cr magnetism alloy layer is high. Also when the alloy 
of Ru, Os, Rh, Ir, Ag, Au, Pt, and Pd was added to the case where at least one sort of the 
element chosen from the group which consists of Ru, Os, Rh, Ir, Ag, and Au is added to Ti, or Ti, 
the same effectiveness was accepted with the same addition. Here, compared with Ti radical 
alloy system which added V, Nb, Ta, Cr, Mo, W, Mn, nickel, Cu, C, Si, and germanium to Ti, 
although these alloy systems are expensive, its corrosion resistance is high and is more desirable 
in respect of dependability. Anyway, by adding to Ti at least one sort of elements chosen from 
the group which consists of V, Nb, Ta, Cr, Mo, W, Mn, nickel, Pd, Pt, Cu, Ag, Au, C, Si, germanium, 
Ru, Os, Rh, and Ir in this way That the c-axis stacking tendency as a Ti radical alloy interlayer 
improves Solid-solution limits, such as V, Nb, Ta, Cr, Mo, W, Mn, nickel, Pd, Pt, Cu, Ag, Au, C, Si, 
germanium, Ru, Os, Rh, Ir, etc. which can hold the hexagonal phase of Ti in the state diagram of 
the bulk of Ti radical alloy, are very small. Therefore, it is easy to segregate components, such 
as V, Nb, Ta, Cr, Mo, W, Mn, nickel, Pd, Pt, Cu, Ag, Au, C, Si, germanium, Ru, Os, Rh, and Ir, to 
the grain boundary of Ti radical alloy interlayers columnar crystal. Therefore, it is for the c~th 
page which is the maximum **** to tend to grow in parallel with a substrate side, however, it is 
difficult for differing from the state diagram of bulk remarkably to usually come out of the 
absolute value of a presentation, a phase condition, etc., and for the state diagram in the thin 
film condition which generally formed membranes by the sputtering method etc. to expect this 
effectiveness conversely only from the state diagram of bulk, and it needs a detailed experiment 
which was already explained. Furthermore, Co-Cr, Co-V, Co-Mo, Co-W, Co-Re, Co-Ti, Co-Sm, 
Co-Mn, Co-Ta, Co-Zr, Co-Hf, Co-Pd, Co-Pt, Co-Fe, Co-O, Co-Cr-Rh, Co-Cr-Ru, Co-Cr-Ta, 
Since hexagonal system magnetism alloys, such as Co-Cr-Zr, Co-Cr-Pt, Co-Cr-Pd, Co-Cr-Ti, 
Co-Cr-Hf, and Co-Ti-Ta, have the above-mentioned Ti radical alloy and the near lattice 
constant, The perpendicular magnetic anisotropy films which show the high c-axis stacking 
tendency to which a hexagonal system magnetism alloy layer tends to grow on Ti radical alloy, 
and changes from the above-mentioned hexagonal system magnetism alloy in epitaxial will be 
obtained. Since corrosion resistance is high compared with Co radical binary system alloy, Co 
radical alloy of 3 yuan is desirable here. 
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Next, the magnetic properties of the high orientation perpendicular magnetic anisotropy films 
which consist of this invention, and record reproducing characteristics are described. The 
magnetic properties of the Co-Cr magnetism alloy layer formed on Ti radical alloy interlayer who 
added Nb, Ta, and Pt and Pd to Ti, respectively were shown in Fig. 4 (a) and Fig. 4 (b). The 
perpendicular magnetic properties which were [ be / a perpendicular magnetic anisotropy is high 
and / a remanence ratio / large ] excellent in Ti radical alloy presentation with the high c-axis 
stacking tendency of a Co-Cr magnetism alloy layer were acquired. Moreover, when at least one 
sort of elements chosen from the group which consists of V, Cr, Mo, W, Mn, nickel, Cu, Ag, Au, C, 
Si, germanium, Ru, Os ? Rh, and Ir were added to Ti, the perpendicular temperament property 
excellent in Ti radical alloy presentation with the high c-axis stacking tendency of Co radical 
magnetism alloy layer was acquired similarly. Better record reproducing characteristics are 
shown, at least one sort of alloying elements especially chosen from the group X which consists 
of Cr, V, Mo t W, Ti, Mn, Re, Sm, Fe, and O as a magnetic alloy layer of said hexagonal system — 
a total amount — less than [ more than 0.1at%25at% ], if included Co radical alloy thin film is 
used When the amount of alloying elements was made into less than [ 0.1 at% ], the record 
component within a field became remarkably strong, when it was made [ more ] than 25at%, the 
playback output declined remarkably, and as for record reproducing characteristics, all 
deteriorated, furthermore, at least one sort of alloying elements chosen from the group Y which 
consists of Zr, Ti, Hf, Ta, Ru, Rh, Pd, and Pt as a magnetic alloy layer of said hexagonal system - 
- a total amount — less than [ more than 0.1at%15at% ], although good record reproducing 
characteristics are shown even if it uses included Co radical alloy thin film Even if it made the 
amount of alloying elements into less than [ 0.1 at% ] and made [ more ] it than 15at%, record 
reproducing characteristics deteriorated like the above, at least one sort of elements chosen as 
the Co~X binary system alloy from Y group as mentioned above here — a total amount — less 
than [ more than 0.1at%25at% ] — since a playback output shows the corrosion resistance which 
was excellent although it fell a little, added Co-X-Y the alloy of 3 yuan has it. [ more desirable 
than an application top ] Although the above effectiveness was checked also by vacuum 
deposition, about 7 degrees and the magnitude of effectiveness of deltatheta50 were large 
compared with what is depended on the sputtering method. The film by which this was generally 
formed with vacuum deposition is because the kinetic energy of a vacuum evaporation© particle 
is inferior to a membranous stacking tendency and adhesion compared with the film by the 
sputtering method which has kinetic energy high about single figure with 0.1 -1eV since it is 
small. Thus, since the film by the sputtering method is excellent also in adhesion, it is desirable 
also in respect of dependability, such as sliding-proof nature. Even if the above effectiveness 
added the impurity gas of H2, 02, and N2 grade to 1vol% in the gas under sputtering, it was 
almost the same. 

The above effectiveness, by the sputtering method etc., on a nonmagnetic substrate as a 
nonmagnetic interlayer By forming Ti radical alloy interlayer containing at least one sort of 
elements chosen from the group which consists of V, Nb, Ta, Cr, Mo, W, Mn, nickel, Pd, Pt, Cu, 
Ag, Au, C, Si, germanium, Ru, Os, Rh, and Ir Since adhesion is also high while a hexagonal system 
magnetism alloy layer shows the perpendicular magnetic properties which were perpendicularly 
high, and were excellent in it to the substrate side, [ of the c-axis stacking tendency ] By using 
the hexagonal system magnetism alloy layer which consists of this invention, the vertical- 
magnetic-recording medium and equipment which have especially excellent record reproducing 
characteristics and dependability can be offered. 
[Example] 

Hereafter, the example of this invention is explained. 
[Example 1] 

The nonmagnetic deposit which consists of the alloy with which nonmagnetic substrate [ with 
which 1 1 consists of aluminum alloy etc. ], 12, and 12' makes a main component nickel-P, nickel- 
W-P, or these in Fig. 1 , The hexagonal system magnetism alloy layer to which nonmagnetic 
interlayer [ to whom 13 and 13' changes from Ti radical alloy ], 14, and 14' changes from Co-Cr, 
15 and 15' is a protection lubricating layer which consists of C r B, B4C, Si-C, Co304, Si02, 
Si3N4, W-C, Si-C, Zr-C, etc., and each is formed as shown below. After forming the nonmagnetic 
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1 2wt%P-nickel deposit 12 of 20 micrometers of thickness, and 12' on outer-diameter 130mmphi, 
bore 40mmphi, and aluminum alloy substrate 1 1 with a thickness of 1.9mm, mirror polishing of the 
front face was carried out so that it might become 10nm of center line average side granularity 
of owner Perilla frutescens (L) Britton var. crispa (Thunb.) Decne. about irregularity detailed to a 
circumferencial direction, and thickness was set to 1 5 micrometers. After forming Ti radical alloy 
interlayer of the following [ the spatter conditions of the substrate temperature of 100 degrees 
C, 0.7Pa of Ar gas pressure, and RF injection power 5 W/cm2 ] 400nm of thickness with RF 
magnetron sputtering equipment on this substrate and considering as the nonmagnetic interlayer 
13 and 13', the 21at%Cr-Co magnetic layer 14 and 14' were formed 250nm of thickness on the 
same spatter conditions. As a nonmagnetic interlayer here to Ti radical alloy interlayer V, Nb, Ta, 
Cr, Mo, W, Mn, nickel, Cu, C, Si, and germanium — each 10at% — with the thin film added and 
formed Pd, Pt. Ag, Au, Ru, Os, Rh, and Ir — each 5at% — with DC magnetron sputtering 
equipment to the pan using the thin film added and formed The protection lubricating layer 15 
and 1 5' which consist of C on the spatter conditions of the substrate temperature of 1 00 
degrees C, 1.3Pa of Ar gas pressure, and DC injection power 3 W/cm2 were formed 30nm of 
thickness, and the magnetic disk was produced. 
[Example 2] 

In Fig. 2 , nonmagnetic substrate [ which consists of the tempered glass which, as for 21, set 
center line average side granularity of owner Perilla frutescens (L) Britton var. crispa (Thunb.) 
Decne. to 5nm for irregularity detailed to a circumferencial direction on the front face ] 22, 
nonmagnetic interlayer [ to whom 22' changes from Ti radical alloy ] 23, hexagonal system 
magnetism alloy layer [ to which 23' changes from Co-Cr etc. ], 24, and 24' is a protection 
lubricating layer which consists of C, B, B4C, Si-C, etc., and each is formed, as shown below. On 
the tempered glass substrate 21, after forming Ti radical alloy interlayer of the following [ the 
spatter conditions of 2 ] 200nm of thickness the substrate temperature of 100 degrees C, 0.5Pa 
of Ar gas pressure, and 7W [/cm ] DC injection power and considering as the nonmagnetic 
interlayer 22 and 22' with DC magnetron sputtering equipment, the 20at%Cr-Co magnetic layer 
23 and 23' were formed 200nm of thickness on the same spatter conditions, here — Ti radical 
alloy interlayer as a nonmagnetic interlayer — V, Nb, Ta, Cr, Mo, W, Mn, nickel, Cu, C, Si, and 
germanium — each 8at% — the thin film added and formed, and Pd, Pt, Ag, Au, Ru, Os, Rh and Ir 
— each 3at% — the thin film added and formed was used. Furthermore, with DC magnetron 
sputtering equipment, the protection lubricating layer 24 and 24' which consist of B by the 
substrate temperature of 100 degrees C, 1.3Pa of Ar gas pressure, and DC injection power 3 
W/cm2 were formed 20nm of thickness, and the magnetic disk was produced. 
[The example 1 of a comparison] 

Except having used the nonmagnetic interlayer 13 in an example 1, and 13' as Ti single phase 
film, it is the same configuration as an example 1, and the same spatter conditions, and the 
magnetic disk was produced. 
[The example 2 of a comparison] 

Except having used the nonmagnetic interlayer 22 in an example 2, and 22' as Ti single phase 
film, it is the same configuration as an example 2, and the same spatter conditions, and the 
magnetic disk was produced. 
[The example 3 of a comparison] 

Except having removed the nonmagnetic middle class 13 in an example 1, and 13', it is the same 
configuration as an example 1 , and the same spatter conditions, and the magnetic disk was 
produced. 

[The example 4 of a comparison] 

Except having removed the nonmagnetic middle class 22 in an example 2, and 22', it is the same 
configuration as an example 2, and the same spatter conditions, and the magnetic disk was 
produced. 

The measurement result of the c~axis stacking tendency of the Co-Cr magnetic layer in the 
magnetic disk obtained by the above-mentioned examples 1 and 2 and the examples 1, 2, 3, and 
4 of a comparison and magnetic properties is shown in the 1st table. Here, deltatheta50 of a Co- 
Cr magnetic layer is half a locking curve of 002 reflection of Co-Cr. 
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It is range of prices, and a stacking tendency is so high that deltatheta50 is small. He** is the 
coercive force when impressing a field perpendicularly to a substrate side. Surfacing spacing 
0.24micrometer from a magnetic layer front face estimated the record reproducing 
characteristics of each above-mentioned medium by the Mn-Zn ferrite ring head. Here, D50 is 
track recording density in case a solitary-wave playback output becomes half. According to this 
invention, compared with the examples 3 and 4 of a comparison which prepare neither the 
examples 1 and 2 only of a comparison which prepared Ti single phase film as a nonmagnetic 
interlayer, nor a nonmagnetic interlayer, the coercive force and C shaft stacking tendency of a 
Co-Cr magnetic layer are improving sharply in the examples 1 and 2 like [ it is ****** from 
these results and ]. Good record reproducing characteristics were acquired corresponding to 
this. When Nb and Ta are especially added to Ti, the best c-axis stacking tendency is acquired. 
Moreover, this effectiveness was accepted also when substrates, such as a tempered glass 
substrate, a ceramic substrate, and a plastics coat aluminum alloy substrate, were used. 
Compared with the magnetic disk drive using the disk according [ equipment capacity ] to the 
example of a comparison, equipment capacity was large more than twice, the mean time of the 
magnetic disk drive using the disk by this invention until equipment will be further downed by 
sliding etc. was also long single or more figures, and it was especially good. 
[Example 3] 

The nonmagnetic substrate 32 with which 31 changes from the tempered glass which set 
detailed irregularity to 5nm at the circumferencial direction to a front face in Fig. 3 , and 32 ? the 
center line average side granularity of owner Perilla frutescens (L.) Britton var. crispa (Thunb.) 
Decne. High permeability magnetic layers, such as Co-Zr-Mo, Fe-nickel, Mo-Fe-nickel, and a 
Fe-Co-aluminum-Si alloy, Hexagonal system magnetism alloy layer [ to which nonmagnetic 
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interlayer / to whom 33 and 33' changes from Ti radical alloy / 34, and 34' changes from Co-Cr 
etc. 1 35, and 35' is a protection lubricating layer which consists of C, B, B4C, Si-C, etc., and 
each is formed as shown below. On the tempered glass substrate 31, with DC magnetron 
sputtering equipment The substrate temperature of 150 degrees C, 0.6Pa of Ar gas pressure, 
20at%Fe-nickel or the Co-Zr-Mo quantity permeability magnetic layer 32, and 32' are formed 
500nm of thickness on the spatter conditions of DC injection power 6 W/cm2. Ti radical alloy 
interlayer of the following [ the spatter conditions that it is same on it ] Thickness 2, 5, and 10 
and after forming 20nm and considering as the nonmagnetic interlayer 33 and 33', 5at%Ta-16at% 
Cr-Co or the 5at%Zr-15at%Cr-Co magnetic layer 34, and 34' were formed 200nm of thickness on 
the same spatter conditions, here — as a nonmagnetic interlayer — Ti radical alloy interlayer — 
V, Nb, Ta, Cr, Mo, W, Mn, nickel, Cu, C, Si, and germanium — each 1 1at% — the thin film added 
and formed, and Pd, Pt, Ag, Au, Ru, Os, Rh and Ir — each 6at% — the thin film added and formed 
was used. Furthermore, with DC magnetron sputtering equipment, the protection lubricating layer 
35 and 35' which consist of B by the substrate temperature of 100 degrees C, 1.3Pa of Ar gas 
pressure, and DC injection power 5 W/cm2 were formed 20nm of thickness, and the magnetic 
disk was produced. The about 2-time high output was obtained compared with the record 
reproducing characteristics of the magnetic disk which produced this magnetic disk by the 
approach of examples 1 and 2 as a result of evaluating record reproducing characteristics using 
the vertical-type magnetic head, and good record reproducing characteristics were shown 
especially. Moreover, any disk showed the good CSS-proof (contact start stop) property beyond 
30k times, and was excellent also in sliding-proof nature. 

In addition, as said hexagonal system magnetism alloy layer, even if it used hexagonal system 
magnetism alloy layers, such as Co-V, Co-Mo, Co-W, Co-Re, Co-Ti, Co-Sm, Co-Mn, Co-Pd, 
Co-Pt, Co-Fe, Co-O, Co-Cr-Rh, Co-Cr-Ru, Co-Cr-Ti, Co-Cr-Hf, Co-Cr-Pt, Co-Cr-Pd, Co-Ti- 
Ta, Co-Mo-Ta, Co-W, and Ru, in addition to the Co-Cr magnetic layer, there was same 
effectiveness. Furthermore, in an example 1, an example 2, and an example 3, since sliding-proof 
nature will improve if 2nm or more 8nm or less of lubricating layers, such as perfluoro polyether 
system polarity lubricant is formed on Fig. 1 , Fig. 2 and protection lubricating layer [ of a 3rd / 
** / Fi g. R> Fig. ] 15, 15', 24, 24' and 35, and 35', it is still more desirable. 
[Effect of the Invention] 

In the vertical-magnetic-recording medium which has Ti radical alloy interlayer between a 
hexagonal system magnetism alloy layer and a nonmagnetic substrate by this invention as 
explained above By using the thin film which added at least one sort of elements out of the 
group which consists of V, Nb, Ta, Cr, Mo, W, Mn, nickel, Pd, Pt, Cu, Ag, Au, C, Si, germanium, Ru, 
Os, Rh, and Ir to said Ti radical alloy interlayer A hexagonal system magnetism alloy interlayer's 
c-axis stacking tendency and magnetic properties can be improved sharply, and the magnetic 
disk and equipment which have good record reproducing characteristics and dependability can be 
offered. 



[Translation done.] 
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